Willingness to pay for an environmental improvement is a function of how long it takes to deliver the improvement. To measure the e¤ect of time on bene…ts, I utilize a discrete choice experiment that includes an attribute for delay until the improvement occurs and simultaneously estimate discount rates and valuation parameters. I estimate the present value of immediate and delayed Minnesota River Basin improvements using discount rates directly estimated from the econometric model. Compared to an immediate river basin cleanup, Minnesota residents lose almost half of the bene…ts when cleanup is delayed by …ve years.
Introduction
In recent years, discrete choice experiments (DCE's) have gained popularity for the valuation of environmental improvements. However, most of these studies fail to take into account a fundamental characteristic of the improvement; that is the timing of the bene…ts and costs of the improvement. This is not a trivial matter since delays as short as several years can make big di¤erences in individuals'WTP. In light of this, I explicitly incorporate time until the improvement occurs as an attribute of the choice alternative. I can then calculate how much bene…t is lost when restoration projects are delayed under various discounting assumptions including exponential, hyperbolic, and quasi-hyperbolic speci…cations.
According to the EPA 's 2002 National Water Quality Inventory (2008 , over 48 percent of the United States'assessed mileage of rivers and streams is classi…ed as impaired or threatened. Agriculture is listed as the leading source of impairment, followed by other unknown nonpoint sources. Because of the nature of nonpoint pollution sources, it necessarily takes time to improve the environmental quality of a watershed. For example, there is a lag between when a pollutant is applied to a …eld and when the pollutant reaches the surface water body. Or, riparian bu¤er zones may have potential to remove up to 100 percent of incoming nitrate (Fennessy and Cronk, 1997) , but it takes time to restore such a functioning zone where they are currently absent. Thus, it could be misleading to model the execution of a river cleanup as occurring today. Speci…cally, the present value of river restoration could be overestimated if the time dimension of the cleanup is ignored.
A stated preference survey concerning cleanup options for the Minnesota River Basin (MRB) was administered to Minnesota residents to gain insight into Minnesota residents' time preferences for environmental improvements. Based on this data, I simultaneously estimate discount rates and valuation parameters using the random utility theoretic framework developed in Meyer (2012) . 1 Here, I build on Meyer (2012) by examining welfare implications and estimating speci…cations that model heterogeneity in utility based on observable respondent characteristics. Since small changes in discount rates can often lead to large changes in present values, it is preferable to estimate discount rates within the context of the application at hand when conducting welfare analysis. This is an improvement over studies that …rst estimate valuation parameters and then later use researcher-imposed discount rates to calculate the present value of bene…ts.
I …nd that individuals discount their valuation of a cleanup of the MRB at a mean annual rate of thirteen percent. That is, individuals are willing to pay thirteen percent less for the same environmental improvement when the improvement is delayed by one year. I …nd evidence of signi…cant heterogeneity in exponential discount factors and …nd some evidence that this heterogeneity can be explained by several observable individual characteristics. Residents of the MRB are less patient than nonresidents in the context of MRB improvements.
There is weaker evidence that males are more patient than females and that discount rates decrease with education level. I also …nd evidence of signi…cant heterogeneity in individuals' marginal valuations of basin improvement both from a random coe¢ cients speci…cation and from speci…cations that interact basin improvements with personal characteristics. Individuals with higher incomes and younger individuals display a higher marginal WTP for basin improvements. Additionally, in light of the recent research by Daly et al. (2012) , I employ a bounded triangular distribution for the cost parameter to ensure that the WTP distribution exists.
A …ve year delay in basin cleanup leads to a 45 percent loss in marginal bene…ts compared to an immediate cleanup for identical levels of water quality improvement under the assumption of exponential discounting. While the survey sample is not representative of the Minnesota population, the summary characteristics of the sample are quite similar to the overall Minnesota population in many categories and there is substantial variation in the demographics of the survey participants. Thus, policy makers can gain some insight into how public support may change for alternative public policies with di¤ering time dimensions.
Economists have noted the dilemma that exponential discounting poses for cost bene…t analysis of distant future events. 2 Essentially, events far in the future do not matter much when exponential discounting is utilized. However, an analysis of various discounting speci…cations in this context of river basin improvement over a short-term time horizon leads to very similar conclusions across the models.
Previous Literature
Stated preference approaches have previously been used to estimated the value of use and non-use bene…ts from ecosystem services. A 1999 survey article by Wilson and Carpenter (1999) summarizes the work in river and lake ecosystem valuation that was completed prior to 1997. Flores and Shafran (2007) update Wilson and Carpenter's work by summarizing studies completed since 1997. In this section, I focus on DCE's since they are most directly related to this research.
DCE's have been used to value water quality in several published studies. Whitmore and Cavadias (1974) estimate preferences for improving water quality in a Canadian community. Smith and Desvousges (1986) value water quality improvements of the Monongahela River in Pennsylvania. Magat et al. (2000) value increases in water quality for hypothetical rivers and lakes using an iterative approach and don't …nd any evidence of diminishing returns to improved water quality. That is, it appears that there is little harm in modeling preferences with a constant marginal utility of water quality improvement. Bene…ts are estimated in Magat el al. (2000) on an annual basis but temporal considerations are not addressed. Farber and Griner (2000) survey residents of a degraded watershed in Western Pennsylvania and utilize a DCE to value improvements in the watershed. The questions are worded so that WTP is interpreted as a per year measure with a duration of …ve years. However, no discounting is used in the analysis to convert the sum of …ve annual payments into a present value. Collins et al. (2005) estimate the economic values of improving aquatic life, scenic quality, and swimming in a West Virginia creek using a DCE. They estimate bene…ts per month but do not attempt to aggregate bene…ts across time.
While there is a wide range in the methods utilized in previous studies, a common characteristic is that the time dimension of ecosystem improvements is largely ignored. One notable exception is the experimental design utilized by Viscusi, Huber, and Bell (2008) .
They estimate WTP for a water quality improvement as a function of the time until the improvement occurs.
Although the time dimension of ecosystem improvements is often ignored, there is a line of literature that has utilized stated preference methods to estimate discount rates in the context of mortality risk reductions and the VSL. Alberini et al. (2006) utilize a survey with a dichotomous choice response format to …nd an estimated discount rate of around 5.5 percent for Americans and 8.6 percent for Canadians. They do not …nd any signi…cant relationship between personal characteristics and the discount rate except for nationality. use a dichotomous choice response format to estimate a discount rate of 0.3-1.7 percent in a similar VSL context in Italy. They also …nd a discount rate of 8.7 percent for money versus money tradeo¤s. Rheinberger (2011) estimates the VSL in the context of risk reductions on Alpine Roads using a DCE and …nd a discount rate around 11 percent. Rheinberger assumes that discounting is exponential and does not investigate heterogeneity in discounting behavior as the study is more concerned with risk parameters. Alberini and Šcasný (2011) use a DCE on risk reduction pro…les where the respondent answers for themselves or for their child.
They include an attribute, "latency," that takes on values of 0, 2, 5, or 10 years, which represents the delay until the risk reduction occurs. The discount rate is estimated close to zero with an insigni…cant t-test. They also assume that there is one discount rate for the model. utilize a DCE in the context of the VSL where they include two dependent attributes: the delay until the risk reduction occurs and the duration of the risk reduction bene…ts (year). Heterogeneity in the discount rate is captured by modeling the discount rate as a function of observable personal characteristics. They …nd an average discount rate for future risk reductions of 7 to 9 percent depending on the speci…cation. All of these aforementioned VSL studies assume exponential discounting.
Two recent papers utilize empirical models that are based on the contingent valuation method to estimate rates of time preference and WTP. Kovacs and Larson (2008) (2008) . Thus, the basin is an especially productive agricultural area.
As is common for highly agricultural areas, there are elevated levels of nonpoint source pollutants in the MRB. According to the Minnesota River Data Center (2007) 
Survey Instrument and Data
The …rst portion of the survey provides background information about the location and sub-basins of the study area. This portion of the survey also asks about respondents'prior knowledge and use of the basin, as well as whether the respondent lives in one of the subbasins. To further establish context, the survey details the current environmental situation of the MRB. It also explains that all surface waters in Minnesota are legally protected by the Federal Clean Water Act and that Minnesota is required to assess whether water quality is su¢ cient for all water bodies in the basin. Additionally, the survey informs respondents that the Minnesota Pollution Control Agency is currently developing limits on pollutants in order to comply with the Clean Water Act. Including this information should help establish more credibility to the survey exercise and emphasize to respondents that their opinions may actually shape public policy.
After respondents are familiarized with the study area, they complete the DCE. I present each participant with eight di¤erent choice sets and they must select their most preferred option within each choice set. Within each choice scenario, respondents choose between two alternatives. Respondents are processing the given information and selecting the option that gives them the highest utility, consistent with how individuals make everyday decisions.
Since there is no status quo option in this survey, I cannot identify total WTP. I can, however, estimate the WTP for an attribute change. I de…ne three attributes of each hypothetical cleanup scenario of the MRB. The three attributes are "Percentage of Basin Cleaned," "Cost of the Policy per Year," and "Time When Cleanup is Ful…lled." Table 1 provides the attribute de…nitions and levels.
In selecting the levels for the attributes, one must take into consideration what respondents believe are credible values. "Percentage of Basin Cleaned" includes levels of …fty, sixty, and seventy percent. 10 "Cost of the Policy per Year" includes levels of $100, $200, and $300.
This is the same range of costs selected by Viscusi et al. (2008) . 11 Finally, "Time When
Cleanup is Ful…lled" includes levels of zero, one, two, three, four, and …ve years from now. I utilize six levels of the time attribute to provide su¢ cient variation to identify discounting parameters from the various discounting models.
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To facilitate valuation of the MRB, it is necessary to include cost as an attribute. I am able to estimate the marginal WTP for river basin improvements by examining the tradeo¤ that respondents are willing to make between the amount of the basin that is cleaned and the cost of the policy per year. Since costs are de…ned on a per-year basis, the marginal WTP measure derived from this study is also interpreted as a per-year estimate. A re ‡ection of a common occurrence in the real world, the survey explains that there may be situations where water quality improvements do not occur until some time in the future even though taxes are raised immediately to pay for the policy. Respondents evaluate policies that would temporarily improve the MRB's water quality in order to identify discounting parameters.
I provide some clarifying points within the attribute section of the survey. These clari…ers are intended to minimize confounding factors in the survey design and establish a common reference point for all respondents. To minimize uncertainty in the receipt of the future reward, respondents are informed that future cleanups are just as certain as immediate cleanups. This should mirror reality because a law setting a future pollution tolerance is just as binding as a law setting an immediate pollution tolerance in the MRB. I state that the current situation of the MRB should be considered zero percent cleaned and that this means none of the surface waters meet the requirements to meet the Clean Water Act. This is a close approximation to the real world situation and serves to establish a common reference point. 13 Finally, I explain the timing of the bene…ts and costs of two sample alternatives. The sample choice question from the survey is given in Table 2 and the subsequent explanation text and tables as they appear in the survey are shown after the sample question. Individuals indicated that they understood all of these nuances during pretests.
14 Both of the unlabeled options can take on three levels of two attributes and six levels of one attribute. Therefore, there are The …nal portion of the survey collects demographic information. While the sample is not meant to be representative of the state of Minnesota, I observe variation in the answers to the demographic questions so that I am able to explore di¤erences in water quality valuation for di¤erent subpopulations. This sample provides useful insights into the marginal tradeo¤s that individuals are willing to make over time even though the WTP measures may di¤er from the median Minnesota citizen. I also use the demographics to investigate di¤erences in discount factors based upon observable characteristics. Summary demographic information is presented in Table 5 .
As previously noted, this study yielded 237 usable surveys. After dropping blank responses from some individuals that did not answer all questions, I was left with data for 1819 choice occasions.
Estimation Strategy and Results

Empirical Model
To analyze discrete choice data, I employ a random utility theoretic framework. This framework explicitly accounts for the intertemporal nature of the choices. 16 I assume that intertemporal utility depends upon a deterministic portion and an error term that is unobservable to the researcher. Speci…cally, the intertemporal utility for individual i and choice j is given by
where ij = P T j t=0 it ijt is the error for individual i associated with choice j, ijt is the instantaneous error draw for individual i associated with choice j and time period t, t is the discount factor at time t, v ijt is instantaneous utility, and T j is the last year of policy j. I assume that ijt N (0; 2 ): Absent any modi…cations, this in turn implies that error draws are independent across observations for a given decision maker, which is an unrealistic assumption given the panel nature of this data set. There are several approaches that one could take to build in error correlation across the utilities of di¤erent alternatives for one individual. In Meyer (2012) , I show a how various random coe¢ cients speci…cations can model this correlation. As discussed in Train (2003) , random coe¢ cients is formally equivalent to an error components model and both capture correlation of utilities over alternatives. In the preferred speci…cation from Meyer (2012) , discount factors and valuation parameters are treated as randomly varying across individuals.
I assume that v ijt depends upon individual i's income for time t, Y it ; the level of river basin cleanup in time period t, q ijt , the cost of the cleanup for time t, c ijt , and i's random draws for the coe¢ cients on q and c. For the …rst speci…cation, I have
Loosely following the exposition of Train (2003), i and i are …xed for an individual across choice occasions, but vary across individuals. Assume i is normally distributed in the population with mean and variance z 2 : Since one of the primary objectives of this research is to estimate mean MWTP ( = ), it is important to ensure that the mean of the WTP distribution exists. As shown by Daly et al. (2012) , no WTP moments exist when an unbounded normal distribution is used for the distribution of the cost coe¢ cient. However, mean WTP does exist for a triangular distribution that is bounded at 0. Thus, I assume that i is distributed according to a triangular distribution with mean and spread . By constraining the mean and spread to be equal, I can assure that the coe¢ cient has the same sign for all individuals. This is a desirable property because we would not theoretically expect any individuals to have positive price coe¢ cients and because it bounds the distribution at 0, ensuring the existence of mean WTP.
Furthermore, assume i is …xed for an individual but distributed normally in the population with mean and variance z 2 : Denote the choice situation as s and a sequence of alternatives as j = fj 1 ; :::; j S g: Then, conditional on , , and , the probability that indi-vidual i makes a sequence of choices is the product over all s of the single choice probabilities:
Denote the vector for individual i containing i , i , and i as i . Since the are random, I
integrate out over all values of to get the unconditional choice probability
I draw R values of and denote them r : The simulated choice probability is e
In this application, I set R = 200: Finally, I insert these simulated choice probabilities into the log-likelihood function to get the simulated log likelihood (SLL)
where y ij = 1 if i chose sequence j and zero otherwise.
I estimate the means and standard deviations of all random parameters. One limitation of assuming random parameters on the discount factor is that we do not see how personal characteristics correlate with time preferences. To answer this question, I also include Speci…cation II where the discount factor is a function of personal characteristics. Personal characteristics that could potentially in ‡uence discounting behavior include age, income, sex, education level, and whether the respondent resides within the Minnesota River Basin. Likewise, a limitation of assuming random coe¢ cients on the bene…t and cost variables is that we do not see how one's marginal valuation changes with their personal characteristics.
Therefore, I estimate two additional speci…cations where I still assume discounting parameters are randomly distributed across the population and …xed for one person. This ensures that utilities from di¤erent choice scenarios are still correlated for a given decision maker.
One of the additional speci…cations includes interactions of the cost and bene…t variables with personal characteristics and the other assumes these personal interactions are equal to 0. Thus, for the fourth speci…cation, I have
where x it is a vector of personal characteristics for individual i at time t.
Results
The format of the discount factors ( t ) will depend on the type of discounting that is assumed. Since I show in Meyer (2012) that the exponential discounting model is preferred over hyperbolic discounting models for this data set, I take this as given. 17 Thus, I assume that it = t i = 1 (1+r i ) t where is the exponential discount factor and r is the exponential discount rate. I focus here on deriving welfare implications and exploring the determinants of heterogeneity in the discount factor and WTP. gives an estimate of the annual WTP for a one percent increase in the amount of river basin cleanup. Using the point estimates of the mean values from Table 6 , annual WTP for an additional one percent of river basin cleanup is $8.86 with a 95 percent con…dence interval of ($5.97, $11.75).
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For Speci…cation II, coe¢ cients on the means and standard deviations of improvement and cost remain highly signi…cant. Resident is the only personal characteristic that is signi…cant at the conventional levels. Two other personal characteristics are close to being signi…cantly related to the discount factor. M ale has a positive estimated coe¢ cient with a p-value of 0.105 and Education has a positive estimated coe¢ cient with a p-value of 0.118. Using the point estimates on Resident, M ale, and Education, all else equal, MRB residents have an estimated discount rate that is about 5.2 percentage points higher than non-residents, males have an estimated discount rate that is about 3.9 percentage points lower than females and the estimated discount rate decreases by about 1.1 percentage points for each additional $15,000 in gross household income. Since Speci…cation III is a restricted version of Speci…cation II, I utilize a likelihood ratio test. The null hypothesis of the test is that the coe¢ cients of the personal characteristics are equal to zero; this corresponds to Speci…cation III. I reject the null hypothesis that the e¤ects of the personal characteristics are jointly equal to zero (p-value = 0.06). Thus, there is evidence that MRB residents are less patient than non-residents and weak evidence that males may be slightly more patient than females and higher income individuals may be more patient for this population.
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In Speci…cation IV, Cost, Improvement, and the mean and standard deviation of the discount factor remain signi…cant at the 0.01 level. Only two of the coe¢ cients on the personal interaction variables are signi…cant at conventional levels. Both (Improvement X Income)/10000 and (Improvement X Age)/1000 are signi…cant at the 0.1 level. All else equal, individuals with higher incomes value basin water quality improvements more than those with lower incomes, as is expected. Interestingly, older individuals have a lower marginal utility of basin improvement. This could be due to older individuals being less inclined to do the activities that would derive use bene…ts from the basin or being less inclined to support environmental programs. Three other variables are quite close to being signi…cant at the 0.1 level. (Improvement X education) has a p-value of 0.112, (Cost X income) has a p-value of 0.109, and (Cost X education) has a p-value of 0.106. The nearly signi…cant interactions suggest that people with more education value basin improvements less and higher income individuals are more sensitive to price.
The coe¢ cients on these marginally signi…cant interaction variables do not agree with intuition so I run three other speci…cations as internal validity checks on the survey. In Speci…cation VI I only interact the level of basin improvement with personal characteristics and in Speci…cation VII I only interact the cost of the policy with personal characteristics.
Speci…cation V restricts all of the coe¢ cients on personal interaction variables to be equal to 0 and is included for comparison purposes. Compared to Speci…cation V, there is very little improvement in the maximized value of the simulated log likelihood equation in Speci…cation VII. The improvement is a little better in Speci…cation VI, but it is still a statistically insigni…cant improvement. That is, interactions of personal characteristics with bene…t or cost alone are insigni…cant as measured by a likelihood ratio test. However, the dubious results from Speci…cation IV on (Cost X income), (Cost X education), and (Improvement X education) disappear in Speci…cations VI and VII, which is good from an internal validity standpoint.
To determine whether Speci…cation IV or V is preferred, I utilize a likelihood ratio test.
The null hypothesis of the test is that the coe¢ cients of the personal interaction variables are equal to zero; this corresponds to Speci…cation V. I fail to reject the null hypothesis that the personal interaction coe¢ cients are jointly equal to zero. 20 As a result, I rely on the results from Speci…cation I for welfare analysis.
As the survey stated that cleanups would last for …ve years, the total discounted MWTP for an immediate river basin cleanup is equal to the present discounted value of all …ve years of bene…ts. That is,
: With the mean estimates from Speci…cation I in Table 6 , P V M W T P immediate = $35:38 with a 95 percent con…dence interval of ($23.60, $47.16 ).
Now suppose that it takes …ve years for the river basin cleanup to occur. Then, the total discounted MWTP for the delayed river basin cleanup is equal to the present discounted value of the delayed bene…ts. That is,
Using the estimates from Table 6 , P V M W T P 5yrdelay = $19:45 with a 95 percent con…dence interval of ($12.15, $26.75 ).
Comparing P V M W T P immediate with P V M W T P 5yrdelay , a delay of …ve years in the time that it takes to execute the river basin cleanup leads to a 45.03% loss in marginal WTP.
In other words, respondents would be willing to pay the same amount for a 54.97% total cleanup of the Minnesota River Basin today as they would for a 100% total cleanup of the MRB that is delayed by …ve years.
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Lastly, I explore the sensitivity of the results for other discounting models. Here, I present estimation results only for the full random parameters models without specifying discounting parameters as a function of personal characteristics. 22 Discount factors for Harvey's (1986) single-parameter hyperbolic structure are given by t;Harvey = (1 + t) :
In the single-parameter model suggested by Herrnstein (1981) and Mazur (1987) (HM), discount factors are
Finally, in the quasi-hyperbolic model 23 , the functional form of discount factors is given by ; where 0 < < 1; and < 1:
(10) Table 8 shows the estimation results for three alternative discounting models. I assume the Harvey parameter, ; is distributed normally. For the HM Hyperbolic parameter, !, and the Quasi-Hyperbolic parameters, I assume lognormal distributions as a practical necessitation for convergence. Table 9 gives the means, medians, and standard deviations of these parameters. As is shown in Meyer (2012) , the exponential model is preferred to both of the single parameter hyperbolic models and the quasi-hyperbolic model does not improve model …t enough to warrant its adoption over the exponential model.
Using the parameter estimates from Tables 8, I calculate point estimates of the mean amount individuals would be willing to pay today for immediate and delayed MRB cleanups for each of these alternative discounting speci…cations. Table 10 parameter estimates that are consistent with those found in this study for all discounting models. The HM discount factors track closely with exponential discount factors throughout the relevant time frame. The Harvey discount factors are slightly lower than the exponential discount factors until around year 9 when they cross. Also, the quasi-hyperbolic discount factor is always slightly above the exponential discount factor but follows the same general pattern. Therefore, it is not surprising that the MWTP con…dence intervals overlap with these speci…c discounting parameters. In Figure 3 I use parameters that di¤er from the results of this study but that are still within the range discussed in the literature. 24 In this case, the two single parameter hyperbolic discount factors diverge substantially from the exponential discount factor. The large initial drop in the hyperbolic discount factors graphed in Figure 3 captures the behavior of a present-biased individual. If individuals in this study truly exhibited discount factors such as those shown in Figure 3 I would expect those hyperbolic models to …t better than the exponential model, which cannot capture such present-biased behavior. In this case, I would also expect some divergence in the MWTP con…dence intervals.
Conclusion
It often takes time to achieve environmental improvements, especially for nonpoint sources of pollution. Previous work has too often neglected this issue when estimating the bene…ts from an environmental policy. As a result, there is potential for the estimates reported in a typical study to overstate the true present value of bene…ts. For example, an overestimate would occur if respondents were not anticipating a delay in bene…ts while the researcher modeled a truly delayed outcome as though it were immediate. To address this issue, I include an attribute for delay until an improvement is executed in the discrete choice experimental design. I then simultaneously estimate discounting parameters and the coe¢ cients on the amount of river basin improvement and annual cost of the improvement. This strategy produces estimates for the present value of immediate and delayed river basin improvements without having to separately impose a researcher speci…ed discount rate.
Respondents of the Minnesota River Basin survey discount future basin water quality improvements at an annual rate of thirteen percent. This is lower than many experimental discounting studies but in line with results from many VSL studies. This implies that Minnesota residents lose almost half of the marginal bene…ts when improvements arrive …ve years from now instead of today. By recognizing the extent of the tradeo¤ between the level of environmental improvement and the delay until the improvement occurs, policy makers can evaluate how much individuals will support competing programs. On the other hand, policy makers that neglect information about this tradeo¤ could propose policies that will receive low levels of public support.
A limitation of this research is that the sample is limited in size and may not be representative of the population of Minnesota. Nevertheless, there is su¢ cient variation in demographics to analyze heterogeneity in both time preferences and the marginal utility of bene…ts and costs. Furthermore, a rule of thumb from marketing research suggests that I need approximately 1550 choices for the results to be reliable in terms of statistical power, which is less than the 1819 choices present in this sample (Hensher et al., 2005) .
For events in the distant future, economists are often not comfortable with the use of exponential discounting because it places too low of a value on future environmental bene…ts.
However, in this case, the hyperbolic models would lead us to weigh future marginal bene…ts no di¤erently than the exponential model. This should give some comfort to researchers using exponential discount rates for cost bene…t analysis of projects with a …ve or ten year timeframe. Furthermore, exponential discounting is statistically supported for the respondents of this survey, so it is appropriate to use constant discount rates to convert bene…ts into present values in this context anyhow.
Purely a descriptive study, I have not addressed the issue of how society as a whole should discount the future. I assume that individuals care only about their own utility and discount future bene…ts based upon these intertemporal preferences. This is a reasonable assumption for this study since the timeframe is relatively short and considerations for future generations are not relevant. However, it would be an interesting extension to model preferences in di¤erent manner for very long run issues such as climate change. A DCEwith time as an attribute could potentially address these types of issues.
Notes
1 Meyer (2012) develops the estimation strategy and exclusively focuses on testing various discounting models for 3 data sources: the Minnesota River Basin Survey, a stated preference monetary survey, and state lottery winners'choices between lump sum and annuity jackpots.
The key …nding of that paper is that exponential discounting is preferred to hyperbolic discounting when describing behavior for both the MRB study and lottery winners.
2 See, for example, Weitzman (2001; 2010) . 6 The MPCA does note that reviewed waters re ‡ect e¤orts in past years to monitor and assess more waters where problems were thought to exist in order to increase the likelihood they would be worked on sooner. These percentages are therefore not necessarily re ‡ective of total impaired water percentages basin wide. Minnesota has initiated an intensive watershed monitoring design that is more systematic and unbiased. 10 There is an e¢ ciency gain in choosing attribute levels for quantitative factors that are spread wider apart from one another. While a …fty percent improvement is large for a relatively short timeframe, focus groups indicated that improvements close to 0 percent were viewed quite di¤erently than improvements of more than …fty percent. Similarly, improvements of 100 percent were potentially viewed di¤erently than improvements of 50 percent.
As I planned to model utility as linear in percentage of basin improvements, I wanted to avoid introducing potential nonlinearlities in this attribute due to including levels below 50 percent or too close to 100 percent. Since the discount rate is being identi…ed from tradeo¤s in the extent of the basin improvement, it is critical to stay within a linear improvement range.
11 Further ameliorating concern over sensitivities to the cost levels chosen, Hanley, Adamowicz, and Wright (2005) …nd no signi…cant di¤erence in estimates of preferences or willingnessto-pay when changing the price levels.
12 There is a tradeo¤ here between selecting cleanup timeframes that are plausible to the respondents and getting enough intertemporal variation to identify the parameters of various discounting speci…cations. I am working under the assumption that respondents can abstract from the reality of time lags and imagine that the MRB were "magically" cleaned to the speci…ed level with no or little delay when indicated by the choice scenario. 13 Recall that a preliminary measure from the MPCA suggests that approximately ten percent of the basin is currently supporting all assessed uses. Anecdotal evidence from scientists at the time of survey administration supported the approximation of zero percent meeting requirements of the Clean Water Act.
14 One concern related to using a forced choice survey design is that total WTP values can be biased upwards because some individuals that would vote "no"to all alternatives are still forced to choose one of the alternative improvement policies, even if it would lead to a net loss in utility. However, "if an opt-out alternative is not presented, the choice provides information on preferences, conditional on choosing one of the alternatives, but it does not provide information on whether the individual would choose one of the alternatives or not" (Holmes and Adamowicz, 2003) . Viscusi et al. utilize a forced choice design in a similar context and …nd that "water quality-cost tradeo¤s were similar to those using a referendum format and an iterative paired comparison format" (2008) . This coupled with concerns about having su¢ cient statistical power to facilitate testing between competing discounting hypothesis with a reduced sample size led to the decision to omit an "opt-out" alternative.
Therefore, I only estimate marginal WTP for this study.
15 D-e¢ ciency sacri…ces some design orthogonality through using prior information about parameters to ultimately result in data that generates smaller standard errors on parameter estimates.
ten degrees of freedom. From Table 6 , the test statistic is equal to 13.121. 21 This assumes a constant marginal utility of basin improvement over the relevant range of cleanup possibilities. 22 For each of the alternative discounting models, I fail to reject the null hypothesis that coe¢ cients on the personal characteristics are equal to zero. These results are available upon request. 23 The quasi-hyperbolic functional form was …rst introduced by Phelps and Pollak (1968) . Laibson (1997) Note: Asymptotic Standard Errors are given in parenthesis. * signi…cant at 10%, **signi…cant at 5%, *** signi…cant at 1% The t-tests for mean are against 1. All others are tested against 0.
Standard Errors of = calculated with the delta method Note: Asymptotic Standard Errors are given in parenthesis. * signi…cant at 10%, **signi…cant at 5%, *** signi…cant at 1% The t-tests for mean are against 1. All others are tested against 0. Note: Asymptotic Standard Errors are given in parenthesis. * signi…cant at 10%, **signi…cant at 5%, *** signi…cant at 1%
Standard Errors of = calculated with the delta method 
